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FIGURE 2. PLASMID pIJ4083 AND LIGATION
STRATEGY

INTRODUCTION
Polyhydroxybutyrate (PHB) is a type of biodegradable plastic produced by bacteria
that has potential environmental and industrial benefits. Streptomyces sp. SFB5A is a
filamentous actinomycete that can degrade PHB via PHB depolymerase into products
eventually broken down into carbon dioxide and water. Production of PHB depolymerase,
encoded by the phaZ gene is induced by the presence of PHB and repressed by glucose.
There are several direct and inverted repeats in the promoter region just upstream from
phaZ, which may serve as binding sites for transcriptional repressors and activators.
The goal of this research was to determine the functions of these repeats in phaZ
transcriptional regulation by a directed mutagenesis PCR procedure and use of a xylE
reporter gene contained in the plasmid, pIJ4083. Plasmid constructs containing the
directed mutations will be introduced into Streptomyces sp. SFB5A by transformation of
protoplasts, which are cells whose cell wall has been removed with lysozyme.

Protoplast transformation was optimized using pIJ4083 without
inserts. Protoplasts were prepared by lysozyme treatment of early
stationary phase cells. We found that cells grown in tryptic soy broth
plus 0.5% glycine (TSB-G) (A) versus yeast extract-malt extract
medium (B) were much more effectively protoplasted as evidenced
by high proportion of rounded cells. Protoplasts were mixed with
pIJ4083 DNA and plated onto R5 medium, which stabilizes
protoplasts and encourages cell wall regeneration.
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Different PCR primer pairs (underlined, bold type) were used to provide PCR products
containing only one of the repeats while disrupting the other (also see above table). All
primer pairs bracketed the putative -10 and -35 promoter sequences. Primers also
included built-in BamHI (B) or HindIII (H) restriction sites so that PCR products could be
digested to produce sticky ends compatible with the cloning vector, pIJ4083 (Fig. 2). The
template used for PCR was a plasmid construct containing the phaZ promoter region.

B

A

FIGURE 1. PHAZ PROMOTER REGION AND MUTAGENESIS

Legend:
DRI- direct repeat, IR1 & IR2- inverted repeats,
RBS- ribosome-binding site,
phaZ signal peptide protein coding sequence.

FIGURE 4. OPTIMIZATION OF PROTOPLAST
TRANSFORMATION

pIJ4083 is a multicopy plasmid that was designed to detect
promoter activity in Streptomyces. The digested PCR products
from Fig. 1 were ligated into the multiple cloning site (MCS)
located upstream of the xylE reporter gene encoding catechol
dioxygenase, which puts xylE expression under control of the phaZ
promotor. The plasmid also contains a thiostrepton resistance
marker which can be used to determine successful transformation
via plating on media with thiostrepton. Plasmid constructs will be
introduced into Streptomyces sp. SFB5A by protoplast
transformation. Effects of the plasmid-borne mutations are
monitored by evaluation of levels of catechol dioxygenase in
colonies on agar plates grown with PHB and/or glucose.
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Agarose gel electrophoresis showed that the PCR products were of
the predicted sizes (Fig. 1) by comparison to DNA size markers. The
PCR products were purified with a PCR Cleanup kit (Zymo Research)
and their concentrations measured via UV absorbance. The PCR
products and pIJ4083 were digested with BamHI and HindIII to
create the appropriate sticky ends. The digested DNAs were further
purified via gel electrophoresis, extracted, then ligated with T4 DNA
ligase. This process created pIJ4083 plasmid constructs containing
the desired mutations. The next step would be to introduce these
constructs into protoplasts of Streptomyces sp. SFB5A.

Although we successfully protoplasted cells, several transformation
attempts did not yield transformants. This may have been due to the
fact that the protoplasts were frozen for storage before use, which a
previous study suggests may decrease transformation efficiency
(Dudhia and Baron). To avoid this, 1.0 mL volumes of TSB-G-grown
cells were treated with lysozyme in 1.5 mL microfuge tubes. The
small quantities used allowed for multiple batches to be made at
once, which could be transformed and plated immediately, hopefully
resulting in more successful transformation. Unfortunately, one
transformation attempt with fresh protoplasts did not yield any
transformants. The transformation plates also showed fungal and
bacterial contaminants, suggesting that either the plates themselves
or protoplasting reagents were contaminated. In addition, we used
pIJ4083 prepared in Streptomyces lividans for these experiments,
which may be unstable in strain SFB5A.

Accomplishments and Future Work
Ø TSB + Glycine broth was found to provide significantly better,
protoplasting of cells.
Ø The recombinant plasmid constructs created can be used in future
transformation attempts.
Ø The small-scale rapid procedure was streamlined to make it faster
and more efficient, which enabled the whole procedure to be
done without freezing the protoplasts.
Ø The protoplasting reagents and R5 plates will be remade to
prevent contamination.
Ø -pIJ4083 for transformation experiments will be isolated from
Streptomyces sp. SFB5A to eliminate possible interspecies
incompatibility
Ø Successful transformants with the recombinant plasmid
constructs will be observed for xylE expression on plates with PHB
and/or glucose.
Ø Electroporation will be explored as a method of transforming
Streptomyces.

